Composite indicators aggregate domain-specific information in one index, on the basis of which countries can be assigned a relative ranking. Recently, the road safety community got convinced of the policy supporting role of indicators in terms of benchmarking, target setting and selection of measures. However, combining the information of a set of relevant risk indicators in one index presenting the whole picture turns out to be very challenging. In particular, the rank of a country can be largely influenced by the methodological choices made during the composite indicator building process. Decisions concerning the selection of indicators, the normalisation of the indicator values, the weighting of indicators and the way of aggregating can influence the final ranking. In this research, it is shown that the road safety ranking of countries differs significantly according to the selected weighting method, the expert choice and the set of indicators. From these three input factors, the selection of the set of indicators is most influential. A well considered selection of indicators will therefore establish the largest reduction in ranking uncertainty. With a set of appropriate indicators, the proposed framework reveals the major sources of uncertainty in the creation of a composite road safety indicator.
Introduction
In recent years, the interest in and the use of indicators and indexes are rapidly increasing. In general terms, an indicator is a quantitative or a qualitative measure derived from a series of observed facts that can reveal relative positions (e.g. of a country) in a given area [1] . Their benefit for policy support and communication is a key advantage. Possible applications include trend identification, problem prediction, target and priority setting and impact assessment of measures [1, 2] . In domains like economics (the human development index), technology (the technology achievement index) and sustainability (the environmental sustainability index) the aggregation of indicators in one index is common [3] . The most important advantage of one index over an accumulation of individual indicators is that all relevant information is aggregated in one final score which can be used for ranking countries, tracking changes over time, etc. However, the process of obtaining such an index is methodologically challenging.
In this research, we focus on the road safety domain, which is currently showing much interest in the use of indicators (e.g. [4] ). Usually, road safety performance is compared over countries by means of the number of traffic fatalities per million inhabitants.
However, international accident data are characterised by various inconsistencies, like the lack of uniformity in definitions and the problem of under-registration [5] . The most important drawback is that knowledge of the number of accidents and casualties in a country is insufficient to understand the processes that lead to traffic accidents and casualties. To rank a set of countries according to their road safety level, the underlying risk factors and the road safety measures that determine the road safety performance should therefore also be taken into account. Road safety indicators are useful in this respect, as they offer a means to include these dimensions in the road safety ranking.
International research focused on the causes of road accidents to develop appropriate countermeasures. The relationship between numerous explanatory factors on the one handbehavioural, economic, climatologic, infrastructural, legislative, etc.-and the number of accidents and casualties on the other hand, has been studied amongst others by Hakim et al. [6] , Scuffham [7] , Eisenberg [8] , Van den Bossche et al. [9] and Hermans et al. [10] . The most contributing road safety dimensions are the road user behaviour (speed, alcohol, seatbelt use), the vehicle safety (composition and age of the vehicle fleet) and environmental factors (expenditure on roads, gross domestic product, urban population, hospital care) [11, 12] .
For the most influential road safety risk factors, so-called safety performance indicators are presently being developed on the European level [4, 13] . A safety performance indicator is defined as any measurement that is causally related to accidents and casualties; it is used in addition to accident and casualty counts in order to describe the safety performance of a country and to understand the process that leads to accidents [13] . Based on a set of carefully selected indicators, the safety situation in a country can be reflected, the impact of safety interventions can be measured and the safety performance of different countries can be compared [4] . Indicators can identify the domains that need additional policy efforts, and their aggregation into one road safety indicator offers a valuable tool for road safety assessment. Indeed, as a composite indicator can be computed for each country, the comparison with other countries allows identifying best practices and successful policies and can lead to optimal country-specific road safety actions. Also, because road safety risk information is available more quickly than official road safety statistics, measures can be taken to prevent increases in accidents and casualties.
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Obviously, a sound methodology for constructing a road safety performance index is prerequisite for its use. To this end, a composite indicator methodology for road safety has to be elaborated. In Nardo et al. [1] , 10 steps to create an aggregated index are discussed. The theoretical framework, the selection of indicators, the imputation of missing data, the normalisation, weighting and aggregation are all phases needed to develop an index. In the past, limited attention has been paid to the construction of a road safety index (for example [14] ), and we believe that a methodologically valid composite indicator approach is a new, challenging and necessary concept in road safety. In order to develop an acceptable index, the subjective choices involved in the development of a road safety index need to be justified and their impact on the end result should be quantified. As there is no agreement or a priori knowledge on the best or ideal method for developing a composite indicator, several techniques for indicator selection, imputation, normalisation, weighting and aggregation need to be tested. Uncertainty and sensitivity analyses are a requirement for composite indicators. The end result-such as the ranking of countries based on their road safety index score-can be heavily influenced by the choices made in the index construction process. As stated in [15] the iterative use of uncertainty and sensitivity analysis contributes to the well structuring of the composite indicator, provides information concerning the robustness of the countries' ranking and identifies ways to reduce the uncertainty in the ranking for a better monitoring and policy.
Even though numerous composite indicators have been developed in several domains, only for some of them the uncertainty and sensitivity of the results have been tested. A comprehensive description of uncertainty analysis (UA) and sensitivity analysis (SA) is given in [16] . In this study several aspects of the index construction process are involved and the theory is applied to the technology achievement index. The SA indicated the most influencing factors. For the Internal Market Index [17] the effect of different weights is studied. For each of the 12 indicators the frequency of the weights given by all experts was calculated from which a sample of 5000 random points was generated. The SA highlighted the three indicators for which more consensuses on their relative merit should be aimed at. The e-business readiness composite indicator developed by Tarantola et al. [18] assesses the preparedness of the internet business environment of European countries. The influence of the variability in the weights and the uncertainty in the imputed data on the composite indicator is studied. The analysis is carried out independently for each country.
The remaining of this paper is structured as follows: in Section 2 the design of this study is described. Section 3 focuses on the methodology. The theoretical considerations of uncertainty and sensitivity analysis are briefly discussed. Subsequently, the results of this research are shown in Section 4. This paper closes with the main conclusions and some topics for further research in Section 5.
Study design
The aim of our research is to obtain a measurement of the uncertainty and sensitivity in a road safety ranking that is caused by various choices made during the construction process of a composite road safety indicator. To this respect, we will use several methods in each step of this process. In [1, 3] a number of often used and relevant methods for imputation, normalisation, weighting and aggregation are given. In our study, we will investigate the impact of the weighting method, the expert choice and the indicator selection on the road safety ranking of countries. In this section we discuss the indicator selection procedure and the development of the theoretical framework.
Selection of road safety indicators
As road safety is typically characterised by a lack of accidents and victims, the magnitude of the problem is usually measured by the opposite, i.e. the level of road unsafety. The selection of road unsafety indicators follows from a number of steps. First, road unsafety is quantified by means of the number of accidents and casualties. Next, the domains which contribute to either accidents, casualties or both are listed. As stated before, in literature there is agreement on a group of relevant risk factors. The European SafetyNet project [4] on safety performance indicators has selected alcohol and drugs, speed, protective systems, visibility, vehicle, infrastructure and trauma management as crucial road safety risk domains. In theory, each risk domain should be characterised by a set of indicators. Which indicators to select from the set of possible candidates can be determined by means of selection criteria (see e.g. [1, 2] ). Additionally, multivariate data analysis techniques could be helpful during the selection process. However, for the road safety risk domains, the number of indicators is limited, and the selection process is mainly driven by data availability. In order to assess the relative road safety performance of as much countries as possible, one indicator per domain will be used. When selecting the indicators, it was ensured that the criteria of policy relevance and clarity were satisfied in addition to available, reliable and comparable data.
The three most important behavioural risk factors of road safety are alcohol, speed and protective systems. A larger blood alcohol concentration (BAC) implies a higher probability of getting involved in an accident [12] . Moreover, consumption of alcohol has been seen to increase the frequency of fatal accidents [6] . The percentage of road users driving under the influence of alcohol (i.e. having a BAC above the legal limit) is the chosen indicator. Secondly, inappropriate or excessive speed has been identified as a highly important factor influencing both the frequency and severity of accidents [5] . The speed indicator in this study measures the share of drivers exceeding the speed limit on a particular road type (highways in this case). For the protective systems domain, the seatbelt wearing rate in front is the selected indicator. Protective systems in general and seatbelts in particular reduce the risk of fatal and serious injury [12] . Next, many accidents occur because road users do not notice each other in time, even in daylight [4] . Vehicle visibility is therefore one of the factors affecting road safety. The visibility domain focuses on daytime running lights (DRL). As a proxy, a categorical indicator specifying whether a DRL law is in place (value 3) or not (value 1) is chosen. Value 2 is assigned for a partial DRL law obligating the use of daytime running lights for specific vehicle categories, road types or time periods.
The vehicle indicator using the age of the vehicle fleet (or a particular share) indicates the level of protection that the vehicle gives to its occupants. Newer cars are equipped with more advanced technologies assisting in accident avoidance and severity reduction of accident outcomes [12] . Next, the infrastructure domain is one for which several indicators can be thought of but for which currently very few data are available [13] . Therefore, the network density, defined as the network length divided by the area, has been chosen as indicator where a more dense road network is in our opinion linked to some accessibility and safety enhancing infrastructural expenses. Finally, trauma care refers to the system responsible for the medical treatment of injured persons from a road accident. The probability of surviving and the quality of life after the accident are influenced by the level of trauma care [13] . The number of hospitals per 1000 inhabitants is a proxy for trauma care. More hospitals imply a faster service, which has a positive influence on the level of injury.
To enhance the interpretation of the results, the alcohol and speed indicators have been transformed such that for all indicators a lower value always implies more unsafety. As a result, a country should try to maximize its indicator values. The seven indicators are presented in Table 1 . From the summary statistics, it can be seen that the alcohol limit is respected more than the speed limit; there are large differences in seatbelt wearing across the countries; the average share of young (i.e. o6 years) cars is 37% while there are on average 4 hospitals per 1000 inhabitants. The seven indicator values are known for the 18 European countries in our data set leaving the imputation of missing values unhandled in this study. The data have been standardised to compute the composite values.
Theoretical framework
An overall theoretical framework on the road safety performance index is shown in Fig. 1 . On the left, the risk domains and selected performance indicators are presented. Next, the major steps involved in the construction of a composite index are given. All (collected and imputed) indicator values need to be normalised and subsequently weighted and aggregated. As subjective choices are often made during the construction process, the uncertainty and sensitivity analysis is an essential and iterative step that directs the methodological process and eventually results in a robust road safety index. Finally, for each country an index score is obtained based on which a ranking can be provided. The last column in Fig. 1 presents a possible, often used ranking which makes use of the number of road fatalities per million inhabitants in 18 European countries (in 2003) . Notice that this ranking is based on just one outcome indicator and not on a performance index. Sweden, the United Kingdom and the Netherlands are the safest countries in this road fatality ranking (RFR).
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To illustrate the importance and implication of an uncertainty and sensitivity analysis in this theoretical framework, three methodological aspects will be discussed in this paper. We will consider two weighting methods, incorporate the opinion of several experts and assess the impact of the indicator/domain selection on the ranking of the 18 countries in our data set.
More specifically, we will test two commonly used weighting methods [3] both based on expert opinions, namely the analytic hierarchy process (AHP) and budget allocation (BA). AHP developed by Saaty [19] is a comprehensible and valuable technique for assessing indicator weights. For each pair of indicators, an expert is asked to indicate which of the two is contributing more to road unsafety and how large the intensity of the difference is. This expert information is presented in a matrix from which the indicator weights and the degree of consistency are calculated using the eigenvector technique. BA is another well known method for obtaining indicator weights. A number of experts are asked to distribute a given budget over the indicators in such a way that spending more on an indicator implies that (s)he wants to stress its importance [1] . The share of the budget assigned to each indicator determines its weight. The results of comparisons in pairs of the road safety indicators as well as the allocation of a budget over the indicator set were obtained from nine road safety experts familiar with the causes and risk domains of road safety. All experts participating in a European road safety project were asked to cooperate and as they originated from different European countries (Czech Republic, France, Greece, Hungary, Israel, the Netherlands, Norway, Switzerland and the United Kingdom) an international perspective was obtained. They gave their opinion independently from each other. The main statistics on the AHP and BA set of weights are given in Table 2 . It can be seen from the table that on average, alcohol and speed receive most weight from the experts while visibility gets the least weight. The range (i.e. the difference between the maximum and minimum value) and the variance indicate some level of disagreement. Moreover, the two weighting methods result in a discrepancy in the average weight for trauma care. As a safe option, the average indicator weights over the experts are often used to construct the index [19] . However, we will consider all available, valuable information and assess the impact of selecting the weights from one particular expert under each of the two methods. In addition, the countries' ranking will be studied for alternative sets of six or seven indicators. As we aim for simplicity in the development of our index, we have to reconsider the selected domains (and indicators) during the process.
In general, the results of the uncertainty and sensitivity analysis will indicate how robust the ranking is, which of these methodological choices has the largest impact on the absolute average rank shift and which input factor needs special effort in order to reduce the uncertainty. As in other research (e.g. [15] ) the output variable of interest in this study is the average change in the countries' rankings for all possible scenarios. Yet, due to the specific nature of this composite indicator we will compare the road safety ranking against the reference ranking based on the number of traffic fatalities per million inhabitants. In addition, an analysis on the country level will be performed to show which countries have the largest change in rank under the different methodological options.
Method

Introduction
Uncertainty analysis and sensitivity analysis are terms that often appear in the context of models. Although it seems that everyone agrees on the importance of these analyses, in practice this step is often lacking. Similar to for example the confidence interval around the regression coefficient of a particular explanatory variable, a confidence interval should be added to the position of a country in a ranking. Even though the relative position of a country is very appealing for communication purposes, there is the danger that attention is paid to this number only without considering the uncertainty that is created by the methodological assumptions that were made during the construction process and the sensitivity of the final ranking to these assumptions. Obviously, UA and SA are essential steps in the context of composite indicators and ranking. As the number of different methodological choices in the several steps of the index construction process is substantial, the end result can be manipulated relatively easily. After the selected methods have been applied to the data set, it is good practice to interpret the final results by means of an uncertainty and sensitivity analysis. This information can be used to construct a more robust index which will be better accepted.
Description of the uncertainty and sensitivity analysis
In general, uncertainty analysis estimates the uncertainty in the output taking into account the uncertainty affecting the input [20] . At the same time, sensitivity analysis is defined as the study of how uncertainty in the output of a model can be apportioned to different sources of uncertainty in the model input. Saltelli et al. [20] present a step-by-step plan for performing a sensitivity analysis on a model:
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1. The goal of the analysis and consequently the form of the output function need to be defined. The output of interest is a single quantity whose value is the top-most information that the model is supposed to provide. In the present study, the obtained rank of each country is compared with the road fatality rank of the country and the absolute average over these 18 values is the output of interest. It captures the absolute average shift in rank of the entire set of countries relative to the ranking based on the number of road fatalities per million inhabitants. A higher shift indicates a larger uncertainty. 2. A decision has to be made on which input factors to include in the sensitivity analysis.
Here, three input factors will be incorporated, making use of triggers to decide on one of the possible scenarios. The first input factor selects between the AHP and BA weighting method. The trigger for the second input factor is used to select one of the nine experts. Thirdly, it needs to be determined if all seven indicators are considered or six indicators (there are eight alternatives for this input factor). 3. For each input factor, a distribution function has to be chosen.
In addition, a correlation structure between input factors can be defined if appropriate. All input factors in our study are uniformly distributed between values 1 and 3 for the first input factor, between 1 and 10 for the second input factor and between 1 and 9 for the third input factor. 4. A sensitivity analysis method must be chosen based on the following three aspects: the question that needs to be addressed, the number of model evaluations (which has to be affordable in terms of model execution time) and the presence of a correlation structure between input factors. We will apply the method of Sobol (more information is given in Section 3.3). 5. The input sample is generated.
Using the selected method, an N Â 3 input sample is produced. For each of the three input factors N ( ¼ several thousands) values are drawn from their probability distribution function. 6. The model needs to be elaborated on the generated sample and the output produced.
The three values in each row of the sample need to be translated in one output score. First, the values need to be converted to make clear which weighting method, which expert and which indicators will be used in the construction of the index. The composite indicator value for all countries in the data set results from the weighted sum of the road safety indicators. Based on their score, each country is assigned a rank number between 1 and 18. The output value is the average of the absolute value difference between the road fatality rank number of each country and its rank number based on the composite indicator score. N output values are obtained. 7. The model output is finally analysed and conclusions are drawn.
The empirical probability distribution function of the output can be estimated which determines the uncertainty of the output resulting from the uncertainty in the input. As sensitivity analysis results some indices are computed (see in Section 3.4).
Global variance-based Sobol method
A wide range of methods for sensitivity analysis can be found in literature. First, a distinction can be made between local and global methods. As local methods explore only one point of the factor's space and factors are changed one at a time, a global analysis is more appropriate in this case. Global methods explore the entire interval of each factor and the effect for a factor is the average over the possible values of the other factors. In recent years global quantitative sensitivity analysis techniques have received considerable attention in literature [20] .
One important and promising class of sensitivity methods is referred to as variance-based techniques. Their characteristic of being model-free (i.e. applicable to non-linear and non-additive models) makes them very useful for composite indicators, in which several layers of uncertainty are simultaneously present [1] . Variance-based techniques have a number of advantages [20] : they can explore the whole range of variation of each input factor instead of sampling the factors over a restricted number of values, they are able to capture interaction effects apart from the fractional contribution of input factor X i to the variance of the model output Y, are easy to interpret and explain, are quantitative, etc.
In this study we use the method of Sobol for generating the input sample and obtaining uncertainty and sensitivity results. This variance-based method is a well known, often used method with useful characteristics as it requires no seed (and hence this has no impact) and handles discontinuities well.
Technical considerations of sensitivity analysis indices
Saltelli et al. [20] provide detailed information on sensitivity indices. S i is the first-order effect of input factor X i on output Y. Synonyms are importance measure, correlation ratio or sensitivity index. The total effect terms S Ti give information on the total effect of input factor X i on output Y. The main aspects of the first-order and total effect sensitivity indices are shown in Table 3 . Saltelli et al. [20] state that by computing all S i and S Ti terms, a fairly complete and parsimonious description of the model can be obtained in terms of its global sensitivity properties.
Analysis and results
Following the step-by-step plan discussed in Section 3.2, an uncertainty and sensitivity analysis is performed on our road safety data set. First, the three uncertain input factors are described. More specifically, a uniform probability distribution function is assigned to the weighting system (AHP or BA), the expert selection (experts 1-9) and the indicator set (7 or 6 road safety indicators). Next, from these distributions values are drawn using the Sobol technique. The number of runs for this model is a factor 2 k of 256 (k ¼ 0,1,2, y). As we want to draw conclusions based on several thousands of runs, a sample matrix M consisting of N ( ¼ 8192) rows and F ( ¼ 3) columns is generated. 1 Subsequently, each of the 8192 rows of our generated sample is
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1 It should be noted that due to the study design-with discrete input factors and a low number of options (i.e. 144 combinations in total)-the number of sampling runs undertaken (i.e. 8192) exceeds the number of runs actually needed. However, in this way we anticipate future extensions of the road safety index methodology including other input factors such as imputation. The Sobol method discussed in this study is still valid then.
evaluated to obtain a score for the output of interest. As we make use of triggers to select one of the options for each factor, the sampled values need to be translated in a set of weights (based on the weighting method and the chosen expert) and (standardised) indicator values to calculate the composite road safety index scores for the 18 countries. This working method is illustrated in Fig. 2 for the second row of sample M. Next, a road safety rank (RSR) is assigned to the countries based on their road safety index score (a higher index score implies a better rank). Using the road fatality ranking of the 18 countries (resulting from the number of road fatalities per million inhabitants) the difference between the two rank numbers is calculated for each country. Subsequently, the average of these 18 absolute values is taken resulting in the output value for this row. This process is repeated until N output values are obtained.
The N output values are used to obtain the uncertainty and sensitivity outcomes. The uncertainty analysis results in the output distribution over the sample. As shown by the histogram in Fig. 3(a) , the absolute average shift in ranking over all 18 countries compared with the road fatality ranking has an average of 5.64 positions with a variance of 0.78. A detailed analysis of the results shows that the largest absolute average shift in country ranking occurs in case the composite indicator consists of the weights assigned by expert 6 using the budget allocation method and six road safety indicators (i.e. the infrastructure indicator is no longer part of the data set). Due to the specific nature of our data, we already expected quite large differences between the two rankings. Although we aim to describe the road safety performance of countries by means of relevant indicators, there still may be some discrepancy with the ranking based on road traffic fatalities. Some indicators may not have a causal relationship with the number of traffic fatalities, we probably need to incorporate more road safety indicators, some indicators may only be relevant for a certain group of countries or the quality of the data may be rather poor. However, the road fatality ranking offers valuable information and is an appropriate ranking to compare our composite indicator ranking to. Secondly, we use a rather small data set of European countries for which a change of a few ranks is more likely to happen than in case of a larger set of countries on a world scale having a more distinct motorization and road safety level. Fig. 3(b) shows the disaggregation of the global absolute average shift in rank. For each country the average over 8192 values of the absolute difference between their rank based on their road safety index score and their road fatality rank is shown in increasing order. The road safety index score for Poland results in a better road safety rank than its 18th place in the road fatality ranking. A detailed look at the data shows that Poland scores relatively well on alcohol and speed and to these indicators above-average weights are mostly assigned by the experts. This large discrepancy for Poland influences the global Table 3 Summary information on first-order and total effect sensitivity indices. absolute average shift. The methodological choices in this study only slightly affect the rank number of countries like Greece and Germany.
Finally, the sensitivity analysis calculates the first-order index S i for each of the three input factors, which captures the fractional contribution to the model output variance due to the uncertainty in X i and the total effect index S Ti , which concentrates all the interactions involving factor X i in one single term. As shown by the numbers in Fig. 3(c) the set of road safety indicators has a very high first-order index (0.508). Additionally, the index of expert selection (0.300) is also relatively high. Consequently, the sum of the three first-order sensitivity indices-0.852-approaches one, meaning that the model is not totally additive and interactions emerge between the input factors. Therefore, the calculation of total effect sensitivity indices is justified. The relative differences between the total effect and first-order sensitivity indexes indicate that the factor expert selection accounts for most of the interaction effects (0.167).
To conclude, the selection of the set of indicators is the most influencing input factor. The uncertainty in the absolute average shift in countries' ranking could be reduced most if more effort was directed in this topic. In case best needed (i.e. the most ideal) indicators instead of best available indicators could be used, the influence of the indicator selection factor would probably be reduced. The impact of the choice of the expert to assign the weights is also significant. The weighting ARTICLE IN PRESS method (analytic hierarchy process or budget allocation) is the least important factor with limited interaction effects with the other input factors. In other composite indicator studies (cf. Section 1) the uncertainty and sensitivity analysis resulted in more or less the same results. Nardo et al. [15] tested normalisation, indicator selection, aggregation, weighting, expert selection and imputation for the technology achievement index and concluded that the indicator selection, the weighting method and the choice of the expert were the most important factors. The sensitivity results of our study indicate that these aspects need further attention in the development of a road safety index as well.
Conclusions and further research
The development of a road safety index is a challenging and necessary task. Offering policymakers a useful tool for ranking and benchmarking countries, this road safety index can help enhancing the understanding of the road safety problem. However, the process of constructing such an index is complex and consists of several phases. In each phase, the researcher is left with methodological choices that might influence the final ranking. In literature, there is no agreement on which method or technique to use in each phase. As a result, one method is often chosen (at random or based on simplicity) and the index score or country ranking is presented and used without considering the assumptions made during the process. Founding a policy on subjective choices is inappropriate. In order to provide a robust, methodologically sound index, uncertainty and sensitivity analyses are a prerequisite.
In this study, an uncertainty and sensitivity analysis has been elaborated. We examined the impact of three aspects (the selection of the weighting scheme, the expert and the indicator set) on the absolute average shift in countries' ranking based on the road safety index compared with the road fatality ranking. Based on the results of this study a number of road safety enhancing recommendations can be formulated. First, it has been shown by the uncertainty analysis that the global absolute average shift in ranking based on the road safety index compared with the road fatality ranking of the 18 countries in our data set equals 5.6 positions. Rankings receive a lot of attention from policymakers as well as the public. Since an absolute average country shift in rank between 2 and 13 implies that a particular country can be ranked either very high or very low, it is required to always assess the impact of methodological choices on the ranking of countries. We therefore recommend the frequent use of uncertainty analysis as essential part of the methodology of the road safety index development process.
The sensitivity analysis answered the question which of the uncertain input factors is most influential. From literature, it already appeared that the factors studied here are all very important.
The set of indicators that is used to construct the road safety index seems to have the largest impact on a shift in ranking. Therefore, the theoretical framework of a road safety performance index needs some careful thought. More specifically, the risk domains of road unsafety need to be identified and attention should be paid mainly to the indicators describing these domains. In this study, the seven risk domains defined in the SafetyNet project [4] were used and one indicator for each domain was selected (based on data availability, policy relevance and clarity). Of the seven indicators in the present study, a data set without the protective systems indicator, without the infrastructure indicator or without the alcohol indicator caused the highest global shift in countries' ranking. In the future, more indicators will be considered and their influence explored in order to give a complete picture of road safety. The sensitivity results can then be used to assess whether the selected indicators are successful in reducing the rank uncertainty for the countries under study.
Besides the indicators the road safety index consists of a set of indicator weights. Two factors were used in this respect: one selecting the weighting method (analytic hierarchy process or budget allocation) and other deciding on the expert (1 of the 9 experts). The analysis showed that the expert selection (more than the weighting method) had an impact on the shift in countries' ranking (singularly as well as by means of interaction effects). Therefore, the selection of experts is crucial and needs careful thought. A group of experts with an excellent knowledge and experience in road safety but at the same time a specific view and background has to be found. The weighting method is the factor with the least impact. However, this result is caused by the similarity between the two alternatives. AHP and BA belong to the same family of participatory methods which possibly makes the choice between them of lesser impact. In the future the weighting method should be considered in a broader sense. Other relevant weighting techniques for the road safety context such as data envelopment analysis [21] should be incorporated in the model as the choice between several weighting methods may influence the end result to a large extent.
This paper showed the advantages of an uncertainty and sensitivity analysis for a road safety composite indicator by means of a case study. As the road safety performance index is still under development, several topics will be further investigated. Other development aspects like aggregation, normalisation and imputation of missing values should be incorporated in the analysis as well. The complexity of the model can be reduced in case the least influential inputs are identified and subsequently fixed to an acceptable technique. Furthermore, a more detailed analysis on country level could identify the assumptions under which each country performs best. The uncertainty and sensitivity results, e.g. an ordering of all input factors in terms of importance, can be used to make sound decisions on certain methodological aspects. That way, the added value of the road safety index together with its acceptance and use as a valuable policy support tool will increase. 
